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Purpose: This study evaluated perioperative ariables to predict death in nonruptured and 
ruptured abdominal aortic aneurysm (AAA) surgery. 
Methods: A consecutive r view of all patients who tmderwent AAA surgery from January 
1984 to December 1993 was carried out. Perioperative variables were analyzed with 
univariate and multivariate statistical models to predict mortality rates. 
Results: Four hundred seventy-eight patients with nonruptured AAAs and 157 patients 
with ruptured AAAs were studied. In patients with nonruptured AAAs, the mortality rate 
was 3.8%. Using stepwise logistic regression analysis, independent predictors of death were 
perioperative myocardial infarction (odds ratio [OR], 5.0; p < 0.01), prolonged postop- 
erative ventilation (OR, 4.0; p < 0.01), history of peripheral vascular disease (OR, 2.9; 
p < 0.01), preoperative r nal dysfimction (OR, 2.7; p < 0.01), and history of congestive 
heart failure (OR, 2.6; p < 0.03). In patients with ruptured AAAs, the mortality rate was 
46%. Analysis of preoperative variables using multivariate stepwise logistic regression 
found predictors of death to be preoperative unconsciousness (OR, 3.1; p < 0.01), 
advanced age (OR, 1.9; p < 0.01), and cardiac arrest (OR, 1.8; p < 0.05). In patients who 
survived the initial surgery for ruptured AAA, a second stepwise logistic regression model 
found independent predictors for subsequent postoperative death to be coagulation 
disorder (OR, 7.9; p < 0.01), ischemic olitis (OR, 6.4; p < 0.01), inotropic support 
beyond 48 hours (OR, 4.8; p < 0.01), delayed transport to operating room (OR, 4.6; 
p < 0.01), advanced age (OR, 4.4; p < 0.01), perioperative myocardial infarction (OR, 4.0; 
p < 0.05) and postoperative r nal dysfunction (OR, 3.7; p < 0.01). 
Conclusion: Prolonged ventilation, perioperative myocardial infarction, a history of 
peripheral vascular disease, preoperative r nal dysfunction, and a history of congestive 
heart failure are independent predictors of perioperative d ath in patients with nonrup- 
tured AAAs. For patients with ruptured AAAs, mortality rates can be estimated before 
surgery using age, level of consciousness, and cardiac arrest. For patients who survive the 
initial surgery for ruptured AAA, subsequent mortality rates can also be predicted. (J Vasc 
Surg 1996;24:614-23.) 
The results of surgery for abdominal aortic aneu- 
rysm (AAA) have diverged considerably since the first 
report ofDubost  et al. ~ was published in 1951. For 
nonruptured AAA, there has been a steady decline in 
operative mortality rates over the last four decades, 
from approximately 20% to 4% .2 This change has been 
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attributed to improved patient selection and periop- 
erative risk management. 
In contrast, the perioperative mortality rate for 
ruptured AAAs has remained largely unchanged at 
23% to 69% despite similar improvements in periop- 
erative management. 2 These patients, however, often 
have the unavoidable consequences of hypovolemic 
shock, and thus patient selection isoften not possible. 
In view of the persistently high operative mortality 
rate and the current environment of fiscal restraint, it
would be advantageous to identify certain preopera- 
tive and postoperative factors that, if present, could 
predict a near-certain fatal outcome. Such knowledge 
has been suggested as a selection method to withhold 
operative care from patients with certain characteris- 
tics who would have a uniformly high mortality rate. 3 
It is unclear, however, whether criteria for select- 
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ing such patient groups can be identified. To clarify 
this issue, we reviewed our experience of AAA surgery 
at our institution to identify preoperative and peri- 
operative predictors of death in both nonruptured 
and ruptured aneurysms. 
METHODS 
All patients who had nonruptured or ruptured 
AAA repair from January 1984 to December 1993 at 
the Vancouver General Hospital were studied. This 
institution is a University-affiliated teaching hospital 
and a level I trauma center for the province of British 
Columbia. All operations were performed by certified 
vascular surgeons or vascular fellows. The information 
on clinical factors in this study was part of a hospital 
aortic aneurysm registry that has kept records on 
aneurysm patients since 1955. Data from patient 
records were entered yearly into a computerized 
database. Risk-factor information was obtained by 
reviewing patient charts by medical quality appraisers 
who, although not blinded, had no previous knowl- 
edge of the study. Information was collected from the 
beginning of each chart to the end, irrespective of an 
individual patient's hospital course. Operative death 
was defined as in-hospital deaths that occurred within 
30 days of surgery. 
Clinically important factors that may have con- 
tributed to death were analyzed. These included 
patient demographics, comorbid conditions (athero- 
sclerotic heart disease, congestive heart failure 
[CHF], previous myocardial infarction [MI], valvular 
heart disease, arrhythmia, hypertension, peripheral 
vascular disease [PVD], cerebrovascular disease, dia- 
betes mellitus, chronic smoking, chronic obstructive 
lung disease, renal dysfunction); intraoperative com- 
plications (major vein tear, renal vein ligation, hy- 
potension, blood loss of more than 3 L); specific local 
conditions (aneurysm size, suprarenal clamp, con- 
comitant renal artery surgery); and postoperative 
complications (leg ischemia, perioperative MI, me- 
chanical ventilation for more than 48 hours, renal 
failure with or without dialysis, wound infection, 
cerebrovascular ccident, ischemic colitis, bleeding 
requiring reoperation). 
For this study, PVD was defined as having a history 
of clandication or rest pain, previous vascular surgery, 
or absent peripheral pulses on physical examination. 
CHF was defined as a previous history of CHF or the 
presence of an abnormal third heart sound or pulmo- 
nary edema on physical examination. Perioperative 
MI was determined in all cases by consultation with 
cardiology staff and was defined as electrocardio- 
graphic evidence of infarction or rise in the myocardial 
band fraction of the creatine phosphokinase l vel. 
Preoperative renal function was determined by the 
preoperative serum creatinine level. Postoperative 
renal dysfunction was defined as having a serum 
creatinine level greater than 200 ~tmol/L (2.3 
mg/dl). Patients who had postoperative r nal dys- 
function and underwent dialysis were simply coded as 
having received ialysis and were not coded as having 
postoperative r nal dysfunction. Ischemic olitis was 
determined by colonoscopic or intraoperative evi- 
dence of colon ischemia. 
For patients who had ruptured AAAs, in addition 
to the same factors above, the following information 
was also collected: preoperative shock (blood pressure 
<80 mm Hg), unresponsiveness in the emergency 
department, preoperative cardiac arrest, arrival in the 
operating room more than 1 hour after arrival at the 
hospital, hemoglobin level, anion gap, postoperative 
inotropic support, hepatic dysfunction, and coagula- 
tion disorder. Hepatic dysfunction was defined as to- 
tal serum bilirubin level >200 ~tmol/L. Coagulation 
disorders were defined as prothrombin time >4 sec- 
onds versus control or thrombocytopenia <60 x 
109/L. 
Significant univariables associated with death for 
both nonruptured and ruptured AAAs were entered 
into separate multivariate logistic regression models 
to predict mortality rates. For patients who had 
ruptured AAAs, two multivariate models were con- 
structed to analyze mortality rates in the preoperative 
and postoperative period to simulate the clinical 
setting in the emergency department before surgery 
and in the intensive care unit after surgery. 
For univariate analysis, continuous variables were 
analyzed using Student's t test, and the Z 2 or Fisher's 
exact test was used for categorical variables. For 
multivariate analysis, univariables that had a p value of 
0.10 or less were entered into a maximum-likelihood 
stepwise logistic regression model (Biostafisfical 
Medical Data Package UCLA, Los Angeles) to deter- 
mine significant independent predictors of death. 
Coefficients for the predictors were derived by weigh- 
ing the influence of the individual (patient) factor on 
the outcome variable (death) and assigning the maxi- 
mum coefficient value that would best fit the observed 
data set. The odds ratios of the predictor variables 
were calculated as the exponential function of its 
coefficient, hat is, odds ratio = exp(coefficient). 
RESULTS 
Nonruptured aneurysms 
Patient demographics. Four hundred seventy- 
eight patients underwent AAA repair for nonruptured 
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aneurysms during the period studied. The proportion 
of male patients was 83%. The mean age was 71 + 5 
years. A retroperitoneal pproach was used in 52 
patients (11%). Bifurcated Dacron grafts were used in 
64% of patients. The average length of stay was 13 
days. Eighteen patients died in the postoperative 
period (3.8% mortality rate). There were no intraop- 
erative deaths. 
Significant clinical univariables. The mean ages 
of patients who survived or died were 69 + 8 years and 
75 + 6 years, respectively (p < 0.01). A history of 
CHF was the most lethal comorbidity, occurring in 23 
patients, of whom six died (26.1%; p < 0.001). PVD 
was present in 134 patients, of whom 14 died (10.4%; 
p < 0.001). Atherosclerotic heart disease was present 
in 211 patients, of whom 15 died (7.1%; p < 0.002). 
MIs had occurred in 130 patients, of whom nine died 
(6.9%; p < 0.04). The mean serum creatinine l vel for 
survivors was 1.3 + 0.5 mg/dl, compared with a 
creatinine level of 2.5 + 2.2 mg/dl in patients who 
died (p < 0.03). A suprarenal c amp was needed in 22 
patients, of whom three later died (13.6%; p < 0.04). 
After surgery, renal dysfunction (creatinine level 
rising above 2.3 mg/dl) occurred in 29 patients; five 
needed dialysis and 24 did not. Of these, seven 
patients who did not require dialysis (29.2%; 
p < 0.001) and three patients who needed dialysis 
died (60%; p < 0.001). Perioperative MIs occurred in 
18 patients, of whom eight died (44.4%; p < 0.001). 
Thirty-four patients were ventilated for more than 48 
hours; 11 died (32.4%;p < 0.001). 
Multivariate model. Significant univariables 
were entered into a stepwise logistic regression model 
to analyze the effect of all variables. From this, the 
following variables were shown to be independently 
predictive of death: postoperative mechanical venti- 
lation for more than 48 hours (p < 0.01), periopera- 
tive MI (p < 0.01), history ofPVD (p < 0.01), pre- 
operative renal dysfunction (p < 0.01 ), and history of 
CHF (p < 0.02; Table I). 
Ruptttred aneurysms 
Patient demographics. One hundred fifty-seven 
patients underwent repair of ruptured AAAs during 
the study period. Of these, 73 died (mortality rate, 
46.5%), 29 in the operating room and 44 after 
surgery. Their average age was 74 + 8 years. The 
proportion of male patients was 77%. A transperito- 
neal approach was used in all patients. Bifurcated 
grafts were used in 73% of patients. The average 
length of stay was 21 days. 
Preoperative model. The mean age of patients 
who survived was 72 + 8 years, comparedwith 76 + 8 
years for patients who died (p< 0.001). Twenty 
patients were unresponsive in the emergency room; 
17 died (85%; p < 0.001). Twenty patients had car- 
diac arrest before surgery; 15 of them died (75%; 
p < 0.01). A history of MI was present in 33 patients, 
of whom 21 died (63.6%; p= 0.04). Sixty-three 
patients had a history of collapse; 36 of them died 
(57%; p = 0.04). 
Using multivariate stepwise logistic regression 
analysis, significant independent predictors of death 
were found to be advanced age (p < 0.01), uncon- 
sciousness in the emergency room (p < 0.01), and 
preoperative cardiac arrest (p < 0.03; Table II). 
Postoperative model. One hundred twenty- 
eight patients who survived initial surgery were ana- 
lyzed for late death (34% postoperative mortality 
'rate). The mean age of patients who survived was 
72 + 8 years, compared with 76 + 9 years for patients 
who died (p < 0.05). Seventeen patients had a history 
of PVD; 10 died (58.5%; p< 0.05). Seventy-one 
patients arrived in the operating room more than 1 
hour after coming to the hospital. Of these, 32 died 
(45.1%; p < 0.01 ). The mean preoperative hemoglo- 
bin level was 115 + 21 g/L  for survivors and 
106 _+ 23 g /L  for nonsurvivors (p < 0.02). The mean 
preoperative s rum crcatinine levels for survivors and 
nonsurvivors were 1.7 + 0.96 mg/dl and 2.1 _ 1.2 
mg/dl, respectively (p < 0.02). 
Blood loss exceeding 4 L occurred in 49 patients, 
of whom 28 died (59.2%; p < 0.05). Survivors had a 
mean intraoperative urine output of 788 i 801 ml, 
compared with 530_+793 ml for nonsurvivors 
(p< 0.01). The mean operating room time was 
212 + 60 minutes for survivors and 239 _+ 65 minutes 
for nonsurvivors (p < 0.02). 
Ischemic olitis was the most lethal complication, 
occurring in 17 patients, of whom 15 died (88.2%; 
p < 0.001). Coagulation disorders occurred in 20 
patients, of whom 17 died (85%; p < 0.001). Inotro- 
pic support for greater than 48 hours was needed in 
31 patients, of whom 25 died (80.6%; p < 0.001). 
Eighteen patients had an MI, 14 of which were fatal 
(77.8%; p < 0.001). Renal failure developed in 66 
patients, of whom 20 required ialysis. Of the patients 
who required dialysis, 13 died (65%; p< 0.01). 
Thirty-two of the remaining 46 patients who had 
renal failure died (69.6%; p< 0.001). Sixty-eight 
patients required mechanical ventilation for more 
than 48 hours; 35 died (51.5%;p < 0.001). 
When these significant univariables were exam- 
ined further with logistic regression analysis, the 
independent predictors of death in the postoperative 
period were: advanced age (p < 0.01), coagulation 
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Table I. Model for predicting nonruptured aneurysm ortality rates using stepwise logistic 
regression analysis 
Coefficient 
Variables Category (constant =-2.58) * Odds ratio (95% CI) p 
Perioperative MI Yes 1.61 5.0 (3.4 to 7.2) <0.01 
No -1.61 
Ventilation >48 hr Yes 1.38 4.0 (2.8 to 5.7) <0.01 
No -1.38 
History of PVD Yes 1.07 2.9 (2.0 to 4.3) <0.01 
No -1.07 
Preoperative creatinine l vel 0.884 × creatinine l vel (mg/dl)  2.7 (1.8 to 4.0)i" <0.01 
History of CHF Yes 0.96 2.6 (1.7 to 3.9) 0.02 
No -0.96 
* CoeffÉcients can be used to calculate mortality risk by adding coefficients from the appropriate category for each factor and entering the 
sum into the model equation. For example, a patient who had a perioperative MI, postoperative ntilation for >48 hours, a positive history 
of  PVD, a preoperative creatinine level of  1.36 mg/dl ,  and no history of CHF would have a coefficient sum: 
X = (-2.58) + (1.61) + (1.38) + (1.07) + (0.884 x 1.36) + (-0.96) * 1.72; entering X = 1.72 into the model equation: mortality 
risk = eX/1 + e x = e172/1 + e 1"72 = 85%. 
J'Per i mg/d l  increase in creatinine l vel. 
Table II. Preoperative model for predicting ruptured AAA mortality rates using stepwise logistic 
regression analysis 
Coefficient 
Variables Category "constant =-3.44) * Odds ratio (95% CI) p 
Consciousness Conscious 
Unconsciousness 
Age 
Cardiac arrest Yes 
No 
-1.14 3.1 (2.2 to 4.4) <0.01 
1.14 
0.062 x age 1.9 (1.5 to 2.3)1" <0.01 
0.60 1.8 (1.4 to 2.4) 0.03 
-0.60 
*Coefficients can be used to calculate mortality risk by adding coefficients from the appropriate category for each factor and entering the 
sum into the model equation. See example in Table I. 
~fPer 100 years increase in age. 
disorder (p < 0.01), ischemic olitis (p < 0.01), ino- 
tropic support beyond 48 hours (p < 0.01), delayed 
transport to the operating room (p < 0.01), postop- 
erative renal dysfunction (p < 0.01), and periopera- 
tive MI (p < 0.05; Table III). 
Predictive model equation 
On the basis of the coefficients from each logistic 
regression model, the probability of death could be 
estimated using the equation: e x / 1 + e x, where 
e=the base of the natural logarithm and 
x = constant + sum of coefficients for all significant 
variables. On the basis of this equation, the estimated 
mortality risk could be calculated according to the 
specific predicament of the individual patient. For 
example, a 70-year-old patient with a ruptured AAA 
who had cardiac arrest en route and was unconscious 
in the emergency department would, on the basis of 
the coefficients in Table II, have a sum: 
x = (-3.44) + (0.062 x 70) + (1.14) + (0.60) = 2.64. 
Entering x = 2.64 into the model equation would 
give the following estimated mortality risk: e x / 1 + 
e x = e TM / 1 + e TM = 93%. 
DISCUSSION 
The management of AAAs, especially ruptured 
AAAs, continues to challenge vascular surgeons. Dur- 
ing the 10-year study period, the operative mortality 
rates for nonruptured and ruptured AAAs were 3.8% 
and 46.5%, respectively. These differences are consis- 
tent with those reported elsewhere.2,a,s 
Nonruptured aneurysms 
The operative mortality rate for nonruptured 
AAA continues to decrease. At our institution, this 
rate has fallen from 17% in the period from 1955 to 
1965 to 3.8% in the present study. This reduction in 
mortality rate has likely occurred from improvements 
in patient selection, operative management, and post- 
operative care. Nonetheless, these patients are elderly 
and often have significant comorbidities. This study 
identified five independent determinants ofdeath for 
patients who have nonruptured AAAs: postoperative 
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Table I I I .  Model for predicting ruptured AAA mortality rates for patients who survived the initial 
surgery using stepwise logistic regression analysis 
Coefficient 
Variables Category (constant =-2.25) * Odds ratio (95% CI) p 
Coagulopathy Yes 2.07 7.9 (4.1 to 15.5) <0.01 
No -2.07 
Ischemic colitis Yes 1.86 6.4 (3.4 to 12.2) <0.01 
No -1.86 
Inotropes >48 hours Yes 1.57 4.8 (3.0 to 7.6) <0.01 
No -1.57 
Admission to operating room _<1 hour -1.53 4.6 (2.6 to 8.3) 0.01 
>1 hour 1.53 
Age 0.143 x age (yr) 4.2 (8.0 to 2.1)1- <0.01 
Perioperative MI Yes 1.39 4.0 (2.1 to 7.7) 0.05 
No -1.39 
Renal failure No -2.31 3.7 (1.9 to 7.5) <0.01 
Creatinine l vel >2.3 mg/dl 1.32 
Dialysis 0.99 
Preoperative h moglobin level -0.04 x hemoglobin(g/L) 1.5 (I.9 to 1.2)1- 0.08 
*Coefficients can be used to calculate mortality risk by adding coefficients from the appropriate category for each factor and entering the 
sum into the model equation. See example inTable I. 
~Per 10 years increase inage. 
:~Per I0 g/L decrease in hemoglobin level. 
mechanical ventilation for more than 48 hours, 
perioperative MI, history of PVD, preoperative r nal 
dysfunction, and history of CHF. 
Of  these, the occurrence ofa perioperative MI had 
the greatest impact, with an odds ratio of  5.0 (95% 
confidence interval [CI], 3.4 to 7.2). This observa- 
tion has been demonstrated by other investiga- 
tors. 4,6,z Although several reports have suggested the 
utility of preoperative cardiac assessment, there is no 
infallible test that can identify all patients who would 
die from elective repair. 
Prolonged ventilation was another major deter- 
minant of operative death, with an odds ratio of 4.0 
(95% CI, 2.8 to 5.7). This finding underscores the 
importance of assessing the degree of respiratory 
dysfunction in these patients. This observation sup- 
ports the findings from the Canadian Aneurysm 
Study, which showed chronic obstructive lung disease 
to be an important predictive risk factor for death. 4
Concomitant PVD was an important predictor of 
death, likely because of its strong association with 
coronary artery disease. In vascular beds elsewhere, 
Brikmeyer et al.8 showed that leg occlusive disease was 
also a determinant of death in patients who undergo 
coronary artery bypass grafting procedures indepen- 
dent of the degree of heart disease and age. They 
suggested that patients who had PVD had more 
severely diseased distal coronary or microvascular 
disease. 
CHF is well recognized as an indicator of poor 
myocardial reserve and as a major operative mortality 
risk. 9ql Huber et al., 11 in their recent review of 722 
infrarenal aortic reconstructions of which 58% were 
aneurysms, also found CHF to be an independent 
predictor of death by multivariate analysis.~l 
Advanced age was significantly associated with 
increased mortality rates only as a univariable, but not 
when analyzed with multivariate analysis. Thus age 
was a likely confounding factor by its association with 
the other significant comorbidities, such as PVD, 
perioperative MI, CHF, elevated creatinine l vel, and 
chronic lung disease. Other authors have also shown 
that advanced age in isolation is not a major determi- 
nant of death for the elective patient. 4,12q4 
Ruptured aneurysms 
The mortality rate for ruptured aneurysms re- 
mained high over the past decade despite improve- 
ments in perioperative management over the same 
period. The thesis that patients with excessive risk be 
managed without surgery has remained controversial 
because this extreme-risk group has not been consis- 
tently defined. 3 The use of single criteria such as 
persistent hypotension, preoperative circulatory ar- 
rest, or age greater than 80 years have been shown to 
be inconsistent when applied to different patient 
populations. 15'16 Nonetheless, for medical, compas- 
sionate, or financial reasons, being able to identify 
patients who would not survive their illness is ex- 
tremely important. 
In this study, multivariate statistics were used to 
determine the significant predictors of death when the 
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surgeon is confronted with the patient in the emer- 
gency room or, after surgery, in the intensive care unit. 
From these variables, an estimate of mortality risk 
based on the coefficients taken from the multivariate 
models was determined. An absolute mortality risk 
(i.e., 100%), however, cannot be demonstrated using 
this exponential model because  x appears in both the 
numerator and the denominator. Nonetheless, the 
estimated mortality rate can be very useful when 
discussing prognosis with colleagues or relatives. 
Preoperative model. Confronted with a patient 
in the emergency room who has a ruptured AAA, the 
significant predictors of death for preoperative pa- 
tients were advanced age, whether they were con- 
scious in the emergency room, and whether they had 
a cardiac arrest. These factors reflect he prehospital 
transport time and the degree of cardiovascular re- 
serve as a result of the ruptured AAA. Using the 
formula for mortality risk, the mortality rates for 
unconscious patients who had sustained a cardiac 
arrest for ages 60, 70, 80, or 90 years were 88%, 93%, 
96%, and 99%, respectively. 
Postoperative model. Once the patient has sur- 
vived to reach the intensive care unit, a second 
dilemma rises for those patients who fail to thrive. 
Should intervention be terminated to avoid pro- 
longed suffering and wasting resources? Our postop- 
erative model incorporated eight independent risk 
factors--three preoperative and five postoperative-- 
into a score that was predictive of death for patients in 
the intensive care unit. These factors were advanced 
age, preoperative h moglobin level, admission times 
to the operating room, renal failure, perioperative MI, 
use ofinotropes beyond 48 hours, coagulation disor- 
ders, and ischemic olitis. These factors reflect he 
importance of prompt resuscitation and immediate 
transport o the operating room to manage this 
vascular catastrophe. 
These results are well supported by other eports. 
Johansen et al. 3 found that age greater than 80 years, 
a low hematocrit level, and preoperative cardiac arrest 
were associated with 92%, 94%, and 100% mortality 
rates, respectively. Patient age greater than 70 years 
was significantly associated with death in a review 
using multivariate analysis of 1829 ruptured aneu- 
rysms in the state of Michigan by Katz et al) 7 In their 
study, Harris et al) 8 showed that cardiac arrest and 
loss of consciousness were predictive of early death 
(<48 hours after operation), whereas postoperative 
renal dysfunction was the most important determi- 
nant of overall mortality rates. Gloviczki et al)s also 
showed that preoperative cardiac arrest and low 
hematocrit levels were significantly associated with 
death, but only a low preoperative hematocrit level 
was significant in their multivariate analysis. 
Severe circulatory insufficiency causing loss of 
consciousness and cardiac arrest have been shown to 
be associated with mortality rates that approach 
100%. 3'18'19 Crawford 16 and Gloviczki et al.,l~ on the 
other hand, showed that 33% and 28% of patients who 
had preoperative cardiac arrest in their respective 
series urvived. On the basis of these data, the authors 
suggested that cardiac arrest and other adverse pre- 
operative variables cannot justify withholding surgery 
for patients who have ruptured AAAs. Although we 
agree that cardiac arrest cannot dictate nonoperative 
management, webelieve that this prognostic indica- 
tor, when combined into a prognostic score, is helpful 
when nonoperative management is contemplated. 
Coagulation disorders have been shown to be 
associated with death in patients who have ruptured 
AAAs. 2°-22 It was the strongest predictor of postop- 
erative death in our patients, with an odds ratio of 7.9 
(9 5% CI, 4.1 to 15.5). The mortality rate in this group 
was 85%. In all cases, the coagulation disorder was 
detected early in the postoperative p riod and was 
likely a result of the effects of shock, hypothermia, and 
massive fluid resuscitation. 
Ischemic olitis, the need for inotropic support, 
perioperative MI, and renal failure were other com- 
plications that were predictive of death. Ischemic 
colitis was especially deadly; only two of 17 patients 
survived this complication. These findings are consis- 
tent with those from other studies that showed the 
mortality risk to increase markedly with the number of 
failed organs. 5'23,24 
Acute renal failure was a common complication 
after uptured AAA surgery and was associated with a 
high mortality rate ~8,2s-28 irrespective of whether 
dialysis was initiated. Renal dysfunction (creatinine 
level >200 Bmol/L) developed after surgery in one 
third of our patients who had ruptured AAAs. These 
patients had an overall mortality rate of 69.6%. 
The finding of delayed transport from admission 
to the operating room as a risk factor appears elf- 
explanatory, although this important goal in preop- 
erative management has surprisingly not been previ- 
ously demonstrated as an independent predictor of 
death. 
Rapid institution of surgical therapy and intense 
postoperative care undoubtedly saved the lives of 
many patients who had ruptured AAAs and is the aim 
of all vascular surgeons. Situations exist, however, in 
which it may be futile or even unethical to perform 
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surgery or to continue treatment in patients who have 
insurmountable risk. The decision to withhold 
therapy or terminate aggressive life support must 
never be a simple reflex response derived by some 
generalized formula or criteria. However, mortality 
risk estimates can be helpful as a reference point for 
both the surgeon and patient's family when such 
options are contemplated. Although single criteria 
identified from each case series can be inconsistent 
when applied to different patient populations, com- 
bining them into risk-estimating scores can overcome 
these inconsistencies. The advantage of these models 
is their ability to combine multiple independent risk 
factors into a single risk estimate. Although each 
predictor by itself does not pose an insurmountable 
risk, the effect of each on mortality risk is cumulative. 
The models established in this study may provide a 
risk estimate and help with decisionmaking in these 
difficult situations. 
The prime limitation of this type of predictive 
model was the data set used to generate it. Because 
this study was retrospective and consisted of small 
numbers, we would recommend applying the models 
prospectively both in our own patients and in other 
institutions. 
We thank Eva Germann for statistical analysis. 
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DISCUSSION 
Dr. Terence M. Quigley (Seattle, Wash.). Dr. Chen 
and his coauthors have nicely rcvicwed an extensive xpe- 
rience in trcating nonrupturcd and rupturcd aneurysms of 
the infrarcnal aorta, with the goal of identifying clinical 
variablcs that predict mortality rates. Their overall mortality 
rate in elective AAA repair (3.8%) and in ruptured AAA 
repair (46%) compares favorably with those from contem- 
porary series in thc vascular surgical literature, thus allowing 
comparison with those revicws and lending credence to 
their conclusions. 
Without bclaboring the spccifics of the conclusions just 
prescntcd as to the significant variablcs predicting dcath or 
the statistical mcthods by which those conclusions were 
reached, I would offer the following obscrvations and 
comments. 
In the body of thc manuscript, hc terms "advanccd 
age" and "delay in transport" are used without definition. 
I 'm sure that there arc those in the audience who would bc 
intercstcd in your dcfinition of advanced age, as am I. Delay 
in transport aftcr the patient has arrived in the hospital 
emergcncy dcpartmcnt as opposed to dclay in transporting 
the patient from "the field" is an important distinction in 
comparing this with other series. Dr. Ka i Johansen, a 
mcmbcr of our socicty, has addrcssed these two variables 
specifically in a large series of ruptured AAA published in 
1991, and if he is present I 'm sure hc will comment when I
am finished. 
The number of aneurysms in your series that were 
repaired with bifurcated grafts was 64% in elective cases and 
73% in ruptured, urgent cases. This number would seem to 
be substantially higher than those in comparable reports 
and, no doubt, represents institutional bias. Nonetheless, I 
would ask you to comment with reference to the number of 
grafts to the iliac arteries and to the femoral arteries, and 
whether you think that this may account for the greater than 
10% incidence of ischemic colitis with an attendant 88% 
mortality rate in patients who underwent repair of ruptured 
aneurysms. 
I congratulate the authors for addressing the ethical 
issues that reports uch as this provoke without concluding 
that a "formula" be used in rationing care to patients who 
have abdominal neurysms. Acknowledging your statement 
that your statistical method prevents predicting a 100% 
mortality rate for any variable and my acknowledgment that 
there are exceptions to any rule, would it not have been 
possible to have combined variables or subsets that would 
have enabled you to predict mortality rates with 95% 
confidence limits so as to assist staff and families in making 
difficult management decisions? In that same context, did 
any of the patients in whom you repaired ruptured aneu- 
rysms have an elective operation denied or put offas a result 
of presumed excessive operative risk? If so, what was their 
outcome? Is elective operation denial an independent 
variable predictive of death? 
I again congratulate he authors on an excellent paper 
and presentation providing more data for us to make 
informed management decisions with our patients with 
abdominal aneurysms. As vascular specialists, we are the 
physicians in the best position to advise our patients, and 
regardless of the presumed risk assigned by our nonsurgical 
colleagues, we should bc "in the loop" when patients who 
have abdominal neurysms are advised regarding operation. 
Dr. Jerry C. Chert. With regard to a definition for 
advanced age, age was entered into the analysis as a 
continuous variable such that the older the patient is, the 
higher the mortality risk. Wc made no attempt to cstablish 
a cutoffpoint becansc entering age as a categorical variable 
would take away a lot of valuable information. 
A delay in transport to the operating room was defined 
as a time lapse greater than 1 hour from the patient's arrival 
at the hospital to the time when the patient entered the 
operating room. More than 50% of our patients had a 
transport time of less than 1 hour. 
With regard to bifurcation grafts, I agree that 64% was 
higher than the usual proportion of bifurcated grafts that 
have bccn reported in the recent literature. In fact, there has 
been a dramatic hange in our attitude in favor of tube grafts 
over the past 10 years. The proportion of abdominal aortic 
aneurysms repaired with tube grafts has increased fourfold 
over the period of this study. 
We did not collect information regarding the location of 
the distal anastomosis, whether it was at the iliac or femoral 
artery. In general, we try to preserve peMc circulation as 
much as possible. 
With regard to the patients who were denied operation 
electively and in whom the aneurysm subsequently rup- 
tured, we did not specifically ook at this variable. I imagine 
that group of patients would have a high mortality rate. 
Dr. Kaj H. Johansen (Seattle, Wash.). This is a very 
important paper, I believe, because it provides further 
objective data for a high-stress situation that intermittently 
confronts almost all of us, and it provides us some further 
guidance on prognostication on our ruptured aneurysm 
patients. 
I have three questions. The first relates to whether you 
have at all tested this observation, this equation of yours, 
prospectively. Even if you have not used it as a decision 
maker, have you tested it out in some of your recent 
patients? 
The second issue relates to a comment that Dr. Quigley 
made. In our presentation on the Harborvicw ruptured 
aneurysm experience in 1991, the most controversial issue 
related to our suggestion that there may be some patients in 
whom further intervention is futile. In fact, this proposal 
generated no fewer than six subsequent reviews of local and 
regional experiences with ruptured ancurysm to attempt to 
refute or support hat particular view. 
None of us is comfortable with the concept of futility in 
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medicine, but, in fact, we need to come to grips with it. It 
is the other side of the two-edged technologic sword that is 
available to for us to use, and I am wondering if there are 
patients in whom you have, on the basis of your data, not 
advanced ahead with operation. 
The third point is that of all the variables you looked 
at, few are preventable in my estimation except for one: 
ischemic olitis. Almost all of the others have to do with 
shock, delay, advanced age, and comorbidities. Dr. Meiss- 
ner and I demonstrated a couple of years ago that, in fact, 
ischemic olitis is related to the perioperative use of ino- 
tropes. In our management ofpatients who have ruptured 
aneurysms, we continue to perform sigmoidoscopy within 
8 hours in all patients who have survived the initial op- 
eration. 
What steps do you take to try to detect and deal with this 
lethal, but treatable, complication? 
Dr. Chela. The results of this study are quite new. We 
have not yet prospectively applied this equation in any 
patients. Testing this predictor equation requires applica- 
tion in another population and a comparison of calculated 
risk with the observed mortality rate. Within this study, we 
have noticed that the majority of those who had the 
important mortality predictors died. So we believe that this 
equation is valid. But as you correctly pointed out, a 
prospective study would be the real test. 
I do not think the controversy regarding nonsurvivors 
can be completely solved by using this predictive quation 
or any equation. We may predict a grav e prognosis for a 
dying patient, but to dictate therapy by defining a group of 
patients who have absolutely no chance for survival would 
be stretching beyond our limits. Decisions to withhold 
treatment are difficult. It requires the judgment of experi- 
enced and compassionate surgeons incorporating the 
wishes of the family, the prognosis of the patient, and 
knowledge regarding the patient's premorbid life condi- 
tion. It is our hope that this prognostic equation will be a 
helpful adjunct in these difficult situations. 
Ischemic olitis is a very lethal condition. In our series, 
the majority of these patients died, Our preventive measures 
include preserving pelvic circulation and postoperative 
sigmoidoscopy. The majority of our patients underwent 
sigmoidoscopy on the first day after surgery. 
With regard to factors that are preventable, aside from 
ischemic colitis, we believe that delayed transport is also 
preventable and deserves continuing emphasis. As we have 
shown in our postoperative model, delayed transport is a 
significant predictor of postoperative d ath. It is an alterable 
physician factor that we should strive to improve. 
Dr. Max R. Gaspar (Long Beach, Calif.). There is 
another variable that I think is very important, and that is 
the time from the onset of symptoms or the time when the 
aneurysm ruptured to the time when the patient is in the 
operating room. I was interested inthis many years ago, and 
when we were studying it we found that if the interval from 
the time of rupture to the operating room was l0 hours or 
less, the mortality rate was much lower than if it was longer 
than 10 hours. Do you have any data in your cases? 
Dr. Chen. We have looked at the time interval between 
the onset of symptoms and arrival in the operating room. 
We found no significant association between this time and 
mortality rates. Perhaps this lack of association can be 
explained by the nature of this type of information, which 
relies heavily on the observations ofthe patient and bystand- 
ers and is not always accurate. 
Dr. McIntyre This method is very similar to the 
method used for predicting outcomes after major trauma. 
In the trauma method there are two variables based on 
physiologic scoring (the trauma score) and anatomic scor- 
ing (the injuries severity score). 
Initially, like your study, historic data were used to 
develop the coefficients, but I think you need to proceed 
with a prospective evaluation because with current outcome 
data the coefficients will change, and it may change your 
ability to predict outcomes after ruptured aneurysm. 
Dr. Chen. I agree with your comments, and we are in 
the process of doing that. 
Dr. Stephen C. Nicholls (Seattle, Wash.). There is one 
aspect of this that may change significantly. If you have, as 
we do in Seattle, a "Medic One" system whereby anyone 
who has any symptoms, including those of ruptured aneu- 
rysm, is immediately picked up and taken up to Harborview 
Medical Center within minutes, we get into a situation 
where we have a kind of "warm autopsy." That is, as you 
decrease the time between the onset of symptoms until 
delivery into the operating room, you may, in fact, find that 
the overall patient survival rate gets worse. 
I think that this is one of the reasons--and Kaj Johansen 
might like to comment on this--that we have not been able 
to improve our ruptured aneurysm salvage rate in Seattle. 
Even as the anesthesia gets better, the resuscitation gets 
better, and the management ofischemic olitis gets better, 
so does our Medic One system get better, and these two 
things in terms of patient salvage are at odds. 
That is something that you might like to consider with 
your equation. If you found no correlation at all between 
the time of symptom onset and survival, then you should 
look at this aspect of preoperative d lay. 
Dr. Chen. Thank you for your insightful comments. 
You may have noticed in our two ruptured aneurysm 
models that delayed transport was a significant predictor of 
death in the postoperative model, but not in the preopera- 
tive model. We believe that the reason for this is that patients 
who were included in the preoperative model contain this 
subgroup of moribund patients who are always rushed to 
the operating room faster than any other patients only to die 
there. This moribund group increased the mortality rate for 
all of those patients who were transported rapidly. On the 
other hand, when intraoperative deaths were eliminated 
from the postoperative model, delayed transport became a
predictor of death for the postoperative patients, which 
reflects the real detrimental effect of this delay. 
Dr. Robert  W. Osborne, Jr. (Tacoma, Wash.). The 
care of ruptured aneurysms is becoming an increasing 
financial burden as deaths get shifted more and more to the 
intensive care unit. Studies have shown that fewer people die 
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in the OR, and the deaths occur 5 days, 10 days, 2 weeks 
later. 
One of the factors that you didn't mention that I have 
seen as a common finding in patients with fatal aneurysms is 
the initial blood gas analysis. I have yet to see a patient with 
a ruptured aneurysm survive when they become severely 
acidotic. The acidosis does not appear to be related to time. 
I recently had a patient, who had accompanied a family 
member into the hospital, collapse in the bathroom of the 
emergency room with a ruptured aneurysm. Ten minutes 
later in the OR he had a full cardiac arrest. His pH level was 
about 6.8 at the time. He died 10 days later. 
Have you used the level of shock, as measured by the 
acid-base status, to predict mortality rates? It is certainly 
something we could get a handle on quickly, rather than 
going through a big formula, to give us an idea of whether 
a patient can, in fact, survive. 
Dr. Chert. We did not look at acid-base status in terms 
of pH. However, we did look at anion gap, which is an 
indicator of the amount of excess acid in the circulation. To 
our surprise, anion gap was not significantly associated with 
the mortality rate. We do agree that it would be logical for 
acidosis to be associated with mortality rates, but it was not 
demonstrated byour data. 
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